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Desert pti n 

[0001] The present invention relates to the manufac- 
ture of a uniaxially heat-shrinkable, biaxially oriented, 
multilayer film having a polypropylene-containing core 
layer and at least one polyolefin-containing skin layer 
adjacent said core layer. 

[0002] In the invention, such a film is made wherein 
the core has a melting point (as determined by Differen- 
tial Scanning Calorimetery at a heating rate of 2°C/ 
minute) of less than 160°C and the film is made by a 
method which comprises 

coextruding the core layer and the skin layer to pro- 
vide a coextrudate, 

biaxially orienting the coextrudate on a line which 
utilises linear motors to directly propel opposed 
pairs of tenter clips synchronously whereby primary 
orienting by simultaneous biaxial orienting is effect- 
ed by accelerating along a diverging path directly 
opposed pairs of tenter clips holding the film, and 
effecting secondary machine direction orientation 
on the same line along a parallel path subsequent 
to the diverging path by simultaneously accelerat- 
ing the directly opposed pairs of tenter clips along 
some portion of the parallel path. 

[0003] The composition of the polypropylene-contain- 
ing core layer of the multilayer film of the present inven- 
tion must provide sufficient operability so that the film 
after biaxial orientation exhibits crystallinity which is low 
enough to permit the secondary orientation of the film, 
which imparts the uniaxial shrinkability to the film, with- 
out tearing. The core layer material can be a single poly- 
propylene homopolymer material which is sufficiently 
atactic and which has a specific melting point, as deter- 
mined by the DSC (Differential Scanning Calorimetery) 
method, e.g., at a hearing rate of 2°C/minute. Alternate- 
ly, the core layer material can comprise a blend of a 
more isotactic polypropylene with a modifier which re- 
duces the crystallisation or crystallinity of the polypro- 
pylene by increasing chain imperfections or reducing 
isotacticity of the polypropylene-containing core. Pre- 
ferred modifiers are polyolefm materials which are less 
crystallisable due to a higher degree of chain imperfec- 
tions or lower isotacticity. Suitable DSC melting points 
for the core layer, blended or not, can be less than 
160°C, e.g., less than 150°C, or even less than 140°C. 
[0004] Modifiers suited to use in the present invention 
include polyolefins other than isotactic polypropylene. 
The modifier can be selected from the group consisting 
of atactic polypropylene, syndiotactic polypropylene, 
ethylene-propylene copolymer, propylene-butylene co- 
polymer, ethylene-propylene-butyleneterpolymer, poly- 
butylene, and linear low density polyethylene. 
[0005] Several ways have been found to provide a 
polypropylene core having a higher degree of chain im- 
perfections and the desired post primary orientation 



crystallinity. The desired crystallinity avoids tearing of 
the biaxially oriented film during secondary orientation 
at stretch levels of greater than 30% or greater than 
35%, e.g., up to 40% or even up to 45%. Isotactic poly- 
5 propylene,!. ..polypropylene having less than 5% atac- 
ticity, say less than 3% atacticity, can be combined with 
a modifier, e.g., atactic polypropylene, to provide a suit- 
able core layer. Atactic content can be measured by a 
polymer's insolubility in boiling n-hexane with chain im- 
10 perfections being observed via HMR tests. 

[0006] In one aspect of the present invention, the 
modifier, e.g., atactic polypropylene, is added to the core 
in amounts sufficient to provide a core layer having an 
overall atacticity greater than 2%, preferably greater 
15 than 4%, greater than 5% or greater than 6%, say, e.g., 
6 to 15%. For present purposes, atactic polypropylene 
has an atacticity of at least 10%, preferably at least 1 5%, 
e.g. , 1 5 to 20% or 1 5 to 25%. Atactic polypropylene can 
be used alone as the core or added to isotactic polypro- 
20 pylene in amounts such that the resulting mixture com- 
prises 10 to 99 wt% atactic polypropylene, e.g., 10 to 30 
wt%, preferably 15 to 20 wt%. atactic polypropylene. 
Blends of 15 wt% atactic polypropylene (15% atacticity) 
and 85 wt% isotactic polypropylene (of 4 to 5% atactic- 
25 ity) are especially preferred. 

[0007] A suitable atactic polypropylene for use in the 
present invention has an atacticity of 1 5% which can be 
added to isotactic polypropylene to provide a core mix- 
ture containing 1 5 wt% atactic polypropylene thereby in- 
30 creasing overall core atacticity by 2.25 wt%. 

[0008] Commercially available isotactic propylene 
suited to use in the present invention includes Fina 3371 
from Fina Oil and Chemical Co., Chemical Div., Dallas, 
TX. Atactic polypropylenes which are commercially 
35 available include L1300 from Novolen of BASF Corp., 
Parsippany, NJ. 

[0009] In another embodiment, the present invention 
employs a core layer which comprises polypropylene as 
described above, preferably isotactic polypropylene, 

40 mixed with polybutylene modifier to provide a core layer 
containing 2 to 15 wt% polybutylene, preferably 5 to 10 
wt% polybutylene. Suitable polypropylene/polybuty- 
lene-1 homogeneous blends are described in U.S. Pat. 
3,808,304, the disclosure of which is incorporated by 

45 reference herein. This disclosure teaches blends con- 
taining from 30 to 90 weight parts of polypropylene, and 
correspondingly, from 70 to 10 weight parts of poly- 
butene-1. Suitable polybutylenes include PB 8430, 
available from Shell Chemical Co. of Houston, TX. 

so [0010] In yet another aspect of the invention, the core 
layer comprises poh'^pylene as described above, 
preferably isotactic polypropylene, mixed with ethylene- 
propylene copolymer modifier, e.g., 2 to 10 wt% ethyl- 
ene-propylene copolymer, preferably 3 to 10 wt% E-P 

55 copolymer. Suitable E-P copolymer can contain tram 2 
to 7 weight percent ethylene, the balance being propyl- 
ene. The copolymers can have a melt index at 230°C 
generally ranging from 2 to 15, preferably from 3 to 8. 
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The crystalline melting point is usually from 125°C to 
150°C, and the number average molecular weight is 
25,000-100,000. The density is preferably from 0.89 to 
0.92 g/cm 3 . Suitable E-P copolymers include EP 8573, 
available from Fina Oil and Chemical Co., Chemical 
Div., Dallas, TX. 

[001 1] In still another aspect of the invention, the core 
layer is a blend of polypropylene as described above, 
preferably isotactic polypropylene, mixed with 0 to 10 
wt% ethylene-propylene copolymer, said copolymer 
preferably being 50 to 100 wt% E-P copolymer which 
contains from 0.5 to 1 wt% ethylene, the balance being 
propylene. These fractional copolymers are commer- 
cially available as ready-mix resin containing 0.6 wt% 
ethylene (4173 from Fina). 

[001 2] In another aspect of the invention, the core lay- 
er is a blend of polypropylene as described above, pref- 
erably isotactic polypropylene, mixed with propylene- 
butylene copolymer. The core layer can comprise 5 to 
20 wt% propylene-butylene copolymer, preferably 10 to 
20 wt%. Suitable propylene-butylene copolymers in- 
clude Cefor SRD4-105, and Cefor SRD4-104 available 
from Shell Cheaical Co. The core layer can comprise 5 
to 20 wt% of said propylene-butylene copolymer as 
modifier. 

[001 3] In yet another aspect of the invention, the core 
layer is a blend of polypropylene as described above, 
preferably isotactic polypropylene, mixed with linear low 
density polyethylene (LLDPE). These polymers typically 
have a melt index of 1 to 10. The linear low density pol- 
yethylenes should have a density in the range 

0. 88-0.94g/cc, preferably, 0.89-0.92 g/cc. The linear low 
density polyethylenes may be derived from ethylene to- 
gether with other higher comonomers such as butene- 

1, hexene-1 or octene-1. The core layer can comprise 
2 to 15 wt% LLDPE, preferably 5 to 10 wt% LLDPE. 
Commercially available LLDPEs include Exact 2009, 
Exact 2010, and Exact 3016 available from Exxon 
Chemical Co. 

[0014] In a particularly preferred embodiment, the 
core layer is a blend of polypropylene as described 
above, preferably isotactic polypropylene, mixed with 
syndiotactic polypropylene and, optionally, ethylene- 
propylene copolymer. Syndiotactic polypropylene can 
be present in the core layer in amounts ranging from 2 
to 10 wt%, say, 4 to 8 wt%, preferably 4 to 6 wt%, with 
0 to 40 wt% ethylene-propylene copolymer, preferably 
0 to 20 wt% E-P copolymer. Suitable E-P copolymers 
are described above. The presence of E-P copolymer 
improves MD tensile strength in the secondary orienta- 
tion step. However, E-P copolymer content must be 
carefully determined inasmuch as the presence of E-P 
copolymer can cause undesirable film elongation even 
at lower temperatures, e.g., 60°C (140°F) drying tem- 
peratures, which elongation can cause registration 
problems during converting processes such as printing. 
[0015] The syndiotactic polypropylene used as a 
modifier in the present invention can possess an isotac- 



ticity of less than 15%, in particular less than 6%. The 
mean length of sequence n r of the syndiotactic sequenc- 
es is preferably greater than 20, more preferably greater 
than 25. The molar mass distribution corresponds to the 
5 relation 

M w = kxM n , 

10 where 

M w stands for the weight average of the molar mass 
distribution, 

M n stands for the number average of the molar 
15 mass distribution and 

k is a factor which is between 1 and 5, preferably 
between 2 and 3. 

[0016] The weight average is preferably between 
20 60,000 and 250,000, in particular between 90,000 and 
160,000. The mean molar masses can be determined 
according to customary methods; of these, the method 
of gel permeation chromatography has proven to be par- 
ticularly suitable. 
25 [0017] Commercially available syndiotactic polypro- 
pylene resins suited to use in the present invention in- 
clude EOD 9306 and EOD 9502 available from Fina. 
[001 8] In yet another aspect of the invention, the core 
layer is a blend of polypropylene as described above, 
30 preferably isotactic polypropylene, mixed with ethylene- 
propylene-butylene terpolymer as modifier. The core 
layer can comprise 5 to 20 wt% of the terpolymer. Suit- 
able terpolymers include those containing 3 to 5 wt% 
ethylene and 3 to 6 wt% butylene. Such terpolymers are 
35 available from Chisso, under the tradename Chisso 
7700 Series. Other suitable ethylene-propylene-buty- 
lene terpolymers include those containing 0.5 to 3 wt% 
ethylene, and 1 3 to 20 wt% butylene. Such terpolymers 
are available from Chisso, under the tradename Chisso 
40 7800 series. 

[0019] Suitable core layers of the present invention 
can comprise recycled polypropylene (RPP), e.g., up to 
25 wt% RPP, preferably up to 15 wt%. RPP. 
[0020] The core layer of the present invention may al- 
45 so comprise a plurality of voids farmed by cavitation 
about a solid cavitation agent. Polybutylene terephtha- 
late, e.g., in amounts comprising 4 to 8 wt% of the core 
layer, well-dispersed as fine spherical particles, e.g., 0.2 
to 2 microns in diameter, as described in U.S. Patents 
so 5,288,548, 5,267,277 and U.S. Pat. 4,632,869, the con- 
tents of which are incorporated herein by reference, is 
a suitable cavitation agent. The spherical particles form 
microvoids on orientation, resulting in a white opaque 
product. Such a core layer can further comprise a sup- 
55 porting layer of polypropylene on one or both sides of 
the core with at least one of said layers containing 4 to 
15 wt% Ti0 2 . Further description of such use of 710 2 - 
containing layers is found in U.S. Pat. 5,091,236, the 
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contents of which are incorporated herein by reference. 
Incorporation of skin layers over the supporting layers 
serves to encapsulate the abrasive Ti0 2 and provides 
a highly opaque, five layer structure. The multilayer film 
has improved functionality for printing, metallizing, ad- 
hesives, coatings, and heat sealability. Alternatively, 
clear five layer structures can be prepared by substitut- 
ing a supporting layer of polypropylene on both sides of 
the core, which layer does not contain opacifying mate- 
rials. 

[0021] The opacity and low light transmission of the 
film may be enhanced by the addition to the core layer 
itself of from 1% by weight and up to 10% by weight of 
opacifying compounds, which are added to the melt mix- 
ture of the core layer before extrusion. Opacifying com- 
pounds which may be used include iron oxides, carbon 
black, graphite, aluminum, Ti0 2 , and talc. 
[0022] A 30 micron polygage, clear film equivalent, 
white opaque film described above will have a density 
of 0.6 to 0.75 g/cc, an optical-cavitated thickness gauge 
of 36 to 45 microns and light transmission of 15 to 25% 
depending on percentage of PBT dispersed and the ori- 
entation conditions, including the extent of stretching as 
well as MD and TD orientation temperatures. 
[0023] The aforementioned blends of propylene and 
other constituents noted above may be admixed by any 
suitable means to form a homogeneous blend, such as 
dry mixing, solution mixing, or mixing the two polymers 
together while in a molten state or combinations thereof. 

Skin Layer 

[0024] The skin layer of the present invention may be 
any of the coextrudable, biaxially orientable heat shrink- 
age film-forming resins known in the prior art. Such ma- 
terials include those discussed above which are suited 
to use in the core layer, including isotactic polypropyl- 
ene, atactic polypropylene, polypropylene blended with 
polybutylene, propylene-butylene copolymer, and ethyl- 
ene-propylene copolymer, including fractional E-P co- 
polymer. In addition, polyethylene or ethylene-propyl- 
ene-butylene terpolymer may be employed as the skin 
layer. Ethylene-propylene-butylene random terpoly- 
mers suited to use in the skin layers of the present in- 
vention include those containing 1 - 5 weight percent 
random ethylene, 10-25 weight percent random buty- 
lene. The amounts of the random ethylene and butylene 
components in these copolymers are typically in the 
range of 10 to 25 percent total (ethylene plus butylene). 
Typical terpolymers of this type include those with 1 - 5 
percent ethylene and 10 - 25 percent butylene. 
[0025] These copolymers typically have a melt flow 
rate in the range of 5 to 10 with a density of 0.9 and a 
melting point in the range of 115° to 130°C. 
[0026] In one aspect of the invention the skin layer is 
derived from a linear low density polyethylene (LLDPE). 
These polymers typically have a melt index of 1 to 10. 
The linear low density polyethylenes may have a density 



as high as 0.94, usually in the range 0.90 - 0.91 , .g., 
0.92 or 0.91 , with a melt index from 1 to 10. The linear 
low density polyethylenes may be derived from ethylene 
together with other higher comonomers such as butene- 
5 1 , hexene-1 or octene-1 . 

[0027] Each skin layer adjacent to the core layer can 
range in thickness from 0.5 to 3 microns (.02 to .1 2 mil), 
preferably 0.5 to 1.0 micron (.02 to .04 mil), e.g., 0.5 to 
0.75 micron (.02 to .03 mil), 
to [0028] Prior to incorporation in the film, e.g., before 
extrusion, at least one of the skin layers can be com- 
pounded with an anti-blocking effective amount of an 
anti-blocking agent, e.g., silica, clays, talc, glass, and 
the like which are preferably provided in the form of ap- 
15 proximately spheroidal particles. The major proportion 
of these particles, for example, anywhere from more 
than half to as high as 90 weight percent or more, will 
be of such a size that significant portion of their surface 
area, for example, from 10 to 70 percent thereof, will 
20 extend beyond the exposed surface of the skin layer. In 
a preferred embodiment, the anti-blocking agent com- 
prises non-meltable silicone resin, e.g., particulate 
cross-linked hydrocarbyl-substituted polysiloxanes. 
Particularly preferred particulate cross-linked hydrocar- 
25 byl-substituted polysiloxanes include the poly- 
monoalkylsiloxanes. Most particularly preferred are 
non-meltable polymonoalkylsiloxanes characterized as 
having a mean particle size of 0.5 to 20.0 microns and 
a three dimensional structure of siloxane linkages. Such 
30 materials are available from Toshiba Silicone Co., Ltd., 
worldwide, and in the United States from General Elec- 
tric Co., and are marketed under the tradename 
Tospearl. Other commercial sources of similar suitable 
materials are also known to exist. Such materials are 
35 further described as non-meltable crosslinked organosi- 
loxane resin powders in U.S. Patent 4,769,418. Effec- 
tive amounts of the particulate cross-linked hydrocarbyl- 
substituted polysiloxane anti-blocking agent can range 
from 100 to 5000 ppm, preferably 1000 to 3000 ppm, 
40 say, from 2500 to 3000 ppm, based on loading of the 
resin from which the upper layer (c) is prepared. 
[0029] Reduced coefficient of friction and reduced 
antistatic characteristics at the surface of the skin layer 
or layers can be achieved in accordance with the dis- 
45 closure set out in U.S. Pat. 5,264,277, which discloses 
the use of migratory slip agents and antistatic agents in 
multilayer films. Reduced COP may also be obtained by 
treating one or both skins with 2000 to 15000 ppm sili- 
cone oil. 

50 [0030] If desired, the exposed surface of the skin layer 
or skin layers can be treated in a known and conven- 
tional manner, e.g., by corona discharge to improve its 
receptivity to printing inks, coatings, adhesive anchor- 
age, and/or its suitability for such subsequent manufac- 

55 turing operations as lamination. 

[0031] All layers of the multilayer film structures of the 
present invention are coextruded, after which the film is 
biaxially oriented (primary orientation) and thereafter 
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secondarily oriented in the direction in which shrinkabil- 
ity is desired. Coextrusion can be carried out in a multi- 
layer melt form through a flat die. 
[0032] The multilayer coextrudate film is primarily ori- 
ented biaxially. 

[0033] The films are prepared by orienting on a line 
which utilises linear motors to directly propel opposed 
pairs of tenter clips synchronously whereby primary ori- 
enting by simultaneous biaxial orienting is effected by 
accelerating along a diverging path directly opposed 
pairs of tenter clips holding the film. In other words, the 
film can be primarily oriented by synchronously accel- 
erating along a diverging path, directly opposed pairs of 
tenter clips holding the film. The film can be stretched 3 
to 6 times, preferably 4 to 5 times in a first direction, 
preferably the machine direction (MD), and 5 to 10 
times, preferably 7 to 8 times in a second direction which 
is substantially normal to the first direction, preferably 
the transverse direction (TD). Film thickness at this 
stage can range from 25 to 75 microns (1 to 3 mils), pref- 
erably 25 to 50 microns (1 to 2 mils). 
[0034] Secondary machine direction orientation on 
the same line is effected along a parallel path subse- 
quent to the diverging path by simultaneously acceler- 
ating the directly opposed pairs of tenter clips along 
some portion of the parallel path. In other words, the film 
is secondarily oriented by synchronously accelerating 
along a straight path, directly opposed pairs of tenter 
clips holding the film. 

[0035] The film can be further stabilised by heat set- 
ting and annealing and subsequent cooling before leav- 
ing the tenter frame such that the resulting film will have 
good machine direction stability at temperatures less 
than 100°C and shrinkage at 25% or more at 135°C or 
grater in the machine direction and good TD direction 
stability at 1356°C or below, e.g., less than 5%. 
[0036] The use of linear motors to directly propel tent- 
er clips to effect simultaneous biaxial stretching is fur- 
ther disclosed in US Pat No 4,853,602 to Hommes, et aL 
[0037] The resulting uniaxially shrinkable film after 
secondary orientation can range in thickness from 10 to 
60 microns, (0.4 to 2.4 mils), preferably 20 to 40 microns 
(0.8 to 1.6 mils). 

[0038] The heat-shrinkable polyolefin films may have 
a secondary machine direction (MD) stretch of up to 
40%, with recovery upon the application of heat (i.e., 
machine direction shrinkage) of at least 25% at 1 35°C, 
with 0 ± 1% dimensional change in the transverse direc- 
tion (TD). 

Dimensional Stability 

[0039] The resulting uniaxially shrinkable film after 
secondary orientation exhibits at temperatures of 100° 
to 145°C, say, 135°C, greater than 15%, preferably 
greater than 18%, 20%, or even greater than 25% 
shrinkage in the direction of secondary orientation, e.g., 
machine direction. Shrinkage is determined by measur- 



ing the difference of sample length before and after plac- 
ing the sample, unrestrained, in a 135°C oven for 7 min- 
utes. 

[0040] Shrinkage in the direction of secondary orien- 
5 tation preferably occurs with minimal variation in the di- 
rection normal to said secondary orientation, e.g., trans- 
verse direction. Such variation or stability can be de- 
scribed In terms of the change in length of the multilayer 
film in the direction normal to the secondary orientation 
10 and can include both expansion and shrinkage as a per- 
centage of the dimension prior to heat exposure. The 
present invention's films can exhibit ±5% stability, pref- 
erably ±3% stability, or even ±1% stability in the direc- 
tion normal to that of secondary orientation. Stability of 
is ±5% means that the dimension of the film normal to the 
direction of secondary orientation, after heating to 
135°C (275°F) shrinks or expands no greater than 5% 
of the original dimension of the film at room temperature. 

20 Elongation at Lower Temperatures 

[0041] Another parameter of interest is the resistance 
to stretching or dimensional stability of the film after sec- 
ondary orientation in the direction of secondary orienta- 

25 tion (% elongation) under common processing condi- 
tions, e.g., print drying temperatures of 54° to 66°C 
(130° to 150°F), preferably 60°C (140°F). It is desirable 
to provide a uniaxially shrinkable film which is resistant 
to elongation under the tensions 17.8 to 178 g per cm 

30 (0.10to 1.0 pli (pounds per linear inch)), preferably 134 
g per linear cm (0.75 pli), and temperatures normally en- 
countered by the film during processes prior to ther- 
moshrinking, e.g., drying after printing. To avoid regis- 
tration problems during printing, MD elongation at 134 

35 g per linear cm (0.75 pli) should be less than 0.6% at 
60°C(140°F), preferably less than 0.4%. MD elongation 
is generally reduced and is thus less of a problem as 
secondary stretching (MD orientation) is increased. 
[0042] Especially preferred films of the present inven- 

<o tion show minimal MD elongation and TD shrinkage at 
processing temperatures of 60°C and 134 g/cm (0.75 
pli), and maximum MD shrinkage at temperatures used 
to effect shrinkage, e.g., heat tunnel temperatures of 
127° to 141 °C (260° to 285°F), preferably 135°C 

45 (275°F) or higher, depending on residence time. 

[0043] There is detailed description in W096/33864 
and WO96/02386 of polymer blends which may be used 
for the core in the invention and of results achieved 
when uniaxially heat shrinkable films are made using a 

50 different process of orienting the films and in particular 
the examples show skin layers formed of ethylene pro- 
pylene copolymer or ethylene propylene butylene ter- 
polymer. 

55 

Claims 

1 . A method for preparing a uniaxially heat shrinkable, 
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biaxially oriented, multilayer film having a polypro- 
pylene-containing core layer having a melting point 
(as determined by Differential Scanning Calorime- 
tery at heating rate of 2°C/minute) of less than 
160°C and at least one polyolefin-containing skin 5 
layer adjacent the core layer, wherein the method 
comprises coextruding the core layer and the skin 
layer to provide a coextrudate, biaxially orienting 
the coextrudate and reorienting the biaxially orient- 
ed coextrudate, characterised In that 10 

the biaxial orientation is conducted by orient- 
ing the film on a line which utilises linear motors to 
directly propel opposed pairs of tenter clips syn- 
chronously whereby primary orienting by simulta- 
neous biaxial orienting is effected by accelerating is 
along a diverging path directly opposed pairs of 
tenter clips holding the film, and 

the reorientation of the biaxially oriented co- 
extrudate is effected on the same line along a par- 
allel path subsequent to the diverging path by simul- 20 
taneously accelerating the directly opposed pairs of 
tenter clips along some portion of the parallel path. 

2. A method according to claim 1 in which the core lay- 
er is formed of a single atactic homopolymer mate- 25 
rial or a blend of isotactic polypropylene with mod- 
ifier which reduces the crystallisation or crystallinity 

of the polypropylene by increasing chain imperfec- 
tions or reducing isotacticity of the polypropylene- 
containing core, whereby the film after biaxial ori- 30 
entation has sufficiently low crystallinity to permit 
the reorientation without tearing. 

3. A method according to claim 2 in which the core lay- 
er comprises isotactic polypropylene and a modifier 35 
which is a polyolefin other than isotactic polypropyl- 
ene. 

4. A method according to any preceding claim in which 
the core comprises a plurality of voids formed by *o 
cavitation about a solid cavitation agent during the 
orientation. 

5. A method according to any preceding claim in which 
the film has a skin layer which is a heat sealing layer. <5 

6. A method according to any preceding claim in which 
the film has a skin layer which is a layer of ethylene 
propylene copolymer or of ethylene propylene buty- 
lene terpolymer. 50 

7. A method according to any preceding claim in which 
the resulting film has a shrinkage of greater than 
15% at 135°C in the direction of reorientation and 
stability of ±5% in the direction normal to the direc- 55 
tion of reorientation. 



Patentansprtiche 

1. Verfahren zur Herstellung eines uniaxial warme- 
schrumpfbaren, biaxial orientierten, mehrschichti- 
gen Films mit einer Polypropylen enthaltenden 
Kernschicht mit einem Schmelzpunkt (durch Kalo- 
rimetrie durch Differentialabtastung bei einer Er- 
warmungsrate von 2°C/min bestimmt) von weniger 
als 160°C und mindestens einer Polyolefin enthal- 
tenden Hautschicht, die an die Kernschicht an- 
grenzt, wobei das Verfahren das Coextrudieren der 
Kernschicht und der Hautschicht, wodurch ein Co- 
extrudat bereitgestellt wird, das biaxiale Orientieren 
des Coextrudats und das erneute Orientieren des 
biaxial orientierten Coextrudats umfalit, dadurch 
gekennzeichnet, daft 

das biaxiale Orientieren durchgefuhrt wird, indem 
der Film auf einer Anlage orientiert wird, die Line- 
armotoren verwendet, urn entgegengesetzte Paare 
von Klemmeinrichtungen einer Spannvorrichtung 
direkt anzutreiben, wodurch das erste Mai orientiert 
wird, indem das gleichzeitige biaxiale Orientieren 
vorgenommen wird, indem direkt gegenuberiiegen- 
de Paare von Klemmeinrichtungen der Spannvor- 
richtung, die den Film halten, entlang eines diver- 
gierenden Weges beschleunigt werden, und 
das erneute Orientieren des biaxial orientierten Co- 
extrudats auf der gleichen Anlage entlang eines 
parallelen Wegs im Anschlufi an den divergieren- 
den Weg vorgenommen wird, indem die direkt ge- 
genuberiiegenden Paare der Klemmeinrichtungen 
der Spannvorrichtung entlang eines gewissen Teils 
des parallelen Weges gleichzeitig beschleunigt 
werden. 

2. Verfahren nach Anspruch 1 , wobei die Kernschicht 
aus einem einzigen ataktischen Homopolymerma- 
terial oder einem Gemisch aus isotaktischem Poly- 
propylen mit einem Modifikationsmittel hergestellt 
wird, das das Kristallisieren oder die Kristatlinitat 
des Polypropylens vermindert, indem Unregelma- 
Bigkeiten der Kette verstarkt oder die Isotaktizitat 
des Polypropylen enthaltenden Kerns verringert 
wird, wodurch der Film nach dem biaxialen Orien- 
tieren eine ausreichend geringe Kristallinitat auf- 
weist, urn das erneute Orientieren ohne Rei&en zu 
ermoglichen. 

3. Verfahren nach Anspruch 2, wobei die Kernschicht 
isotaktisches Polypropylen und ein Modifikations- 
mittel umfafit, das ein von isotaktischem Polypro- 
pylen verschiedenes Polyolefin ist. 

4. Verfahren nach einem der vorstehenden Ansprii- 
che, wobei der Kern eine Vielzahl von Hohlraumen 
umfafit, die beim Orientieren durch Hohlraumbil- 
dung urn ein festes hohlraumbildendes Mittel er- 
zeugt werden. 
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5. Verfahren nach einem der vorstehenden Anspru- 
che, wobei der Film eine Hautschicht aufweist, die 
eine Hei&siegelschicht ist. 

6. Verfahren nach einem der vorstehenden Anspru- 5 
che, wobei der Film eine Hautschicht aufweist, die 
eine Schicht aus einem Ethylen-Propylen-Copoly- 
mer oder einem Ethylen-Propylen-Butylen-Terpoly- 
mer ist. 

10 

7. Verfahren nach einem der vorstehenden Anspru- 
che, wobei der entstandene Film eine Schrumpfung 
bei 135°C in Richtung der erneuten Orientierung 
von mehr als 15 % und eine Stabilitat in der zur 
Richtung der erneuten Orientierung senkrechten is 
Richtung von ± 5 % aufweist. 



Revendications 

1. Precede de preparation d'un film multi-couches a 
orientation biaxiale, thermo-retrecissable de fagon 
uniaxiale, ayant une couche centrale contenant du 
polypropylene, avec un point de fusion (comme de- 
termine par la Calorimetrie par analyse differentielle 
a une Vitesse de chauffage de 2°C/minute) de 
moins de 160°C et au moins une couche superfi- 
cielle contenant de la polyolefine, adjacente a la 
couche centrale, dans lequel le procede comprend 
la coexirusion de la couche centrale etde la couche 
superficielie pour fournir un produit de co-extrusion, 
en orientant biaxialement le produit de co-extru- 
sion, et en reorientant le produit de co-extrusion 
oriente biaxialement, caracterls6 en ce que 

('orientation biaxiale est real is ee en orientant 
le film sur une ligne qui utilise des moteurs lineaires 
pour pousser directement des paires opposees de 
crampons, de fagon synchrone, moyennant quoi 
I'orientation primaire par orientation biaxiale simul- 
tanee est realisee en accel6rant, le long d'une tra- 
jectoire divergente, les paires directement oppo- 
sees de crampons qui tiennent le film et 

la reorientation du produit de co-extrusion 
oriente de fagon biaxiale, est effectuee sur la meme 
ligne, le long d'une trajectoire parallele a la trajec- 
toire divergente en accelerant simultanement les 
paires directement opposees de crampons, le long 
d'une certaine portion de la trajectoire parallele. 

2. Procede selon la revendication 1, dans lequel la so 
couche centrale est formee d'un materiau homopo- 
lymere atactique simple ou d'un melange de poly- 
propylene isotactique avec un modificateur qui re- 
duit la cristallisation ou la cristallinite du polypropy- 
lene en augmentant les imperfections de chaine ou 55 
en reduisanti'isotacticitedu noyau contenantdu po- 
lypropylene, moyennant quoi le film, apres orienta- 
tion biaxiale, prSsente une cristallinite suffisam- 



ment faible pour permettre la reorientation sans de- 
chirement. 

3. Procede selon la revendication 2, dans lequel la 
couche centrale comprend du polypropylene iso- 
tactique et un modificateur qui est une polyolefine 
autre que le polypropylene isotactique. 

4. Procede selon Tune quelconque des revendications 
precedentes, dans lequel le noyau comprend plu- 
sieurs vides formes par une cavitation au niveau 
d'un agent de cavitation solide pendant I'orienta- 
tion. 

5. Procede selon Tune quelconque des revendications 
precedentes, dans lequel le film a une couche su- 
perficielie qui est une couche thermosoudable. 



6. Procedd selon Tune quelconque des revendications 
20 precedentes, dans lequel le film a une couche su- 
perficielie qui est une couche de copolymere d'ethy- 
lene-propylene ou d'un terpolymere d'ethylene-pro- 
pylene-butylene. 

25 7. Procede selon Tune quelconque des revendications 
precedentes, dans lequel le film obtenu presente un 
retrecissement sup6rieur a 15% a 135°C dans le 
sens de la reorientation et une stabilite de ± 5% per- 
pendiculairement au sens de reorientation. 
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